12 United States Patent

Grisar et al.

US011085300B1

US 11,085,300 B1
Aug. 10, 2021

(10) Patent No.:
45) Date of Patent:

(54)

(71)
(72)

(73)

(%)

(21)
(22)

(60)

(1)

(52)

(58)

PRIME MOVERS, PUMPS AND
COMPRESSORS HAVING RECIPROCATING
VANE ACTUATOR ASSEMBLIES AND
METHODS

Applicant: REGI U.S., INC., Spokane, WA (US)

Inventors: Robert Grisar, Ruskin, FLL (US); Allen
MacKnight, Signal Hill, CA (US); Paul
Porter, Colbert, WA (US)

Assignee: Regi U.S., Inc., Spokane, WA (US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 305 days.

Appl. No.: 15/946,147
Filed: Apr. 5, 2018

Related U.S. Application Data

Provisional application No. 62/556,240, filed on Sep.
8, 2017.

Int. CIL.

FOIC 21/08 (2006.01)

FOIC 19/08 (2006.01)

FOIC 1/344 (2006.01)

FOIC 1724 (2006.01)

FOIC 1/356 (2006.01)

FOIC 1/348 (2006.01)

U.S. CL

CPC ............. FOIC 1/3448 (2013.01); FoIC 1724

(2013.01); FOIC 1/348 (2013.01); FOIC
21/0836 (2013.01)

Field of Classification Search
CPC ........ FO1C 1/3568; FO1C 1/344%; FO1C 1/24;
FO1C 1/348; FO1C 21/0836; FO1C 19/08;
FO1C 21/0809
U S PO e e, 418/219

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
570,584 A 11/1896 White
1,527,685 A 2/1925 Huwiler
1,680,767 A 10/1928 Saxon
1,846,557 A 2/1932 Imshenetsky
2,345,561 A 4/1944  Allen, Jr.
2,590,729 A 3/1952 Scognamillo
(Continued)
FOREIGN PATENT DOCUMENTS
DE 3515609 11/1985
EP 0130171 1/1985
(Continued)

OTHER PUBLICATTONS

GB163813 to Mundey, May 27, 1921.*

Primary Examiner — Deming Wan
(74) Attorney, Agent, or Firm — Lee & Hayes, P.C.

(57) ABSTRACT

Prime movers are provided that can include: a fixed member
in operational relationship to a rotating member; a recipro-
cating vane assembly operationally engaged with the rotat-
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PRIME MOVERS, PUMPS AND
COMPRESSORS HAVING RECIPROCATING

VANE ACTUATOR ASSEMBLIES AND
METHODS

CLAIM FOR PRIORITY

This application claims priority to U.S. Provisional Patent
Application Ser. No. 62/556,240 filed Sep. 8, 2017, entitled
“Prime Movers, Pumps and Compressors Having Recipro-
cating Vane Actuator Assemblies and Methods”, the entirety
of which 1s incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to prime movers, pumps and
compressors and 1n particular embodiments, engines, com-
pressors or expanders having vane separated compression
compartments.

BACKGROUND

Example rotary engines are described mn U.S. Pat. No.
7,896,630. Assemblies of this disclosure provide vane sepa-
rated compression and expansion compartments and, where
vanes are reciprocated axially from cam surface to cam
surface while propelled radially by the rotor.

The present disclosure provides reciprocating vane actua-
tors.

SUMMARY

The present disclosure provides prime movers configured
in some embodiments as engines, expanders or Compressors
that have reciprocating vane actuators.

The present disclosure provides a prime mover that can
include a rotating member or rotor axially aligned with a
stationary, fixed, or stator member within an outer member.
The rotating member and stationary member can be aligned
about a center axis that may be a rod, vanes can reciprocate
and follow a curved cam surface of the outer member which
compliments curved surfaces of the rotating and stationary
members. The vanes can be attached to each other by a tube
or similar device which 1s designed to follow the curved cam
surface 1 tune with umque features found in the vane
actuating mechanism which can focus the axial positioning
of the vanes relative to those of the rotating and stationary

members.

Controlling the vane movement between the rotating
member and the stationary member has several benefits,
including but not limited to, minimizing the forces acting on
the member surfaces, damping acceleration and deceleration
forces, reducing wear on critical vane components, allowing
tip, side and vane seals to act without large forces acting
upon them and reducing overall friction in the device.

Prime movers are provided that can include: a fixed
member 1n operational relationship to a rotating member; a
reciprocating vane assembly operationally engaged with the
rotating member; and a track member about the rotating
member and engaging the reciprocating vane assembly.

Engines are provided that can include: a stator 1n opera-
tional relationship to a rotor; a reciprocating vane assembly
operationally engaged with the rotor; and a track member
about the rotor and engaging the reciprocating vane assem-
bly.

Processes for powering a prime mover are also provided;
the processes can include engaging vanes between a fixed
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2

member and rotating member to create compression and
expansion zones, the engaging comprising guiding the vanes
from a track member about the rotating member.

DRAWINGS

Embodiments of the disclosure are described below with
reference to the following accompanying drawings.

FIG. 1 1s a simplified 1sometric view showing a recipro-
cating vane actuator according to the embodiment of the
invention.

FIG. 2 1s an 1sometric view showing a stator or rotor
member of the reciprocating vane actuator of FIG. 1.

FIG. 3 1s an 1sometric, partially exploded view showing

the vane actuator of the reciprocating vane actuator of FIG.
1.

DESCRIPTION

This disclosure 1s submitted 1n furtherance of the consti-
tutional purposes of the U.S. Patent Laws “to promote the
progress of science and useful arts” (Article 1, Section 8).

The present disclosure will be described with reference to
FIGS. 1-3. The vane actuator assemblies of the present

disclosure are for use with prime movers ol the type
described 1n U.S. Pat. No. 7,896,630, the entirety of which

1s 1ncorporated by reference herein. The ’630 reference
includes vanes 130 operably engaging rotating members and
stationary members. Each of these members has an undu-
lated surface, such as surface 150. In the 630 reference the
vanes are guided through force applied by these surfaces
which leads to remarkably unworkable wear.

Reciprocating vane actuators of the present disclosure can
include dual wheel bearings (FIG. 1, items 600 and 600.1)
that are fastened to a connecting tube ((FIG. 1, item 500).
The dual wheel bearings can react against a sinusoidal stator
surface (FIG. 1, item 100) thereby moving the reciprocating
vane actuator axially while the rotor propels the reciprocat-
ing vane actuator radially. In accordance with example
implementations, the connecting tube may be inset within
one of the members. In this example, the tubes are inset
within the rotating member and the stator surface 100
resides about the rotating member but mirrors the undulating
surface of the fixed or stationary member. Stator surface 100
can be coupled to or be a part of a housing that 1s fixed 1n
relation to the stationary member.

The reciprocating vane actuator can include opposing
vanes (FIGS. 1. 300 and 300.1) that are attached at opposite
ends of a Connecting Tube (FIG. 1. 500).

Vane components of the reciprocating vane actuator (FIG.
1, items 300 and 300.1) can intersect slot openings 1n the
rotor or stator. The tip of each vane includes provisions to
hold apex seals and linear expander springs (FIG. 1, items
200 and 200.1) which dynamically engage the undulating
surface of the member. In accordance with other example
implementations, the vanes may be biased against the guid-
ance ol the wheels with coils, elastomeric, and/or gas
operating structures.

The connecting tube can include two axles (FIG. 3. 640)
and bearing-wheel (FIG. 3. 600) assemblies. The wheel
assembly, which can include a commercial bearing (FIG. 3.
620) and a conical wheel (or tire) (FIG. 3. 630) may be fitted
onto the axle (FIG. 3. 640). In this implementation, the
wheels are designed to follow the rotor or stator cam (FIG.
2. 100) which operably coupled between the two wheel
assemblies.
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The wheels travel along the track of the sinusoidal surface
of the stator or rotor. To minimize wheel wear and track
slippage, the sinusoidal stator or rotor and the mating wheels
cach have matching conical surfaces, such that the travel
distance for the mnner and outer edges of the wheel are
identical 1n length. Please refer to FIG. 2 for detail of the
conical cross section of the stator surface.

In this implementation, as the wheels circumnavigate the
stator or rotor, their axial position, follows the sinusoidal
stator or rotor surface. As the surface increases towards
maximum, the wheels move the attached connecting tube in
the same direction, thusly moving the vanes 1n a precise
manner providing positive control over the forces acting on
the vanes and seals 1n the device.

In compliance with the statute, embodiments of the inven-
tion have been described 1n language more or less specific as
to structural and methodical features. It 1s to be understood,
however, that the entire invention 1s not limited to the
specific features and/or embodiments shown and/or
described, since the disclosed embodiments comprise forms
of putting the invention i1nto effect.

The invention claimed 1s:

1. A prime mover comprising;:

a rotating member;

a reciprocating vane assembly operationally engaged with
the rotating member, the reciprocating vane assembly
including one or more wheels, wherein the reciprocat-
ing vane assembly 1s configured to translate 1n an axial
direction along a longitudinal axis of the prime mover
as the rotating member rotates about the longitudinal
axis; and

a track member about the rotating member, wherein the
one or more wheels of the reciprocating vane assembly
engage the track member.

2. The prime mover of claim 1, wherein the reciprocating,

vane assembly comprises vane tips.

3. The prime mover of claim 2, further comprising sealing
material engaging the vane tips.

4. The prime mover of claim 2, further comprising linear
expander springs engaging the vane tips.

5. The prime mover of claim 1, wherein the reciprocating
vane assembly comprises a connecting chamber housing
opposing vanes attached at opposite ends.

6. The prime mover of claim 1, wherein the one or more
wheels are spaced apart by a distance substantially equal to
a thickness of the track member.

7. The prime mover of claim 1, wherein track member
comprises a sinusoidal curvature.

8. An engine comprising:

a stator 1n operational relationship to a rotor
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a reciprocating vane assembly operationally engaged with
the rotor, wherein the reciprocating vane assembly 1s
configured to translate 1in an axial direction along a
longitudinal axis of engine during rotation of the rotor
about the longitudinal axis; and

a track member about the rotor and engaging the recip-
rocating vane assembly, wherein the reciprocating vane
assembly comprises one or more wheel bearings that
engage the track member.

9. The engine of claim 8, wherein the reciprocating vane

assembly comprises a chamber housing opposing vanes.

10. The engine of claim 9, wherein the one or more wheel
bearings operationally couple to a vane through the cham-
ber.

11. The engine of claim 9, wherein at least a portion of the
chamber 1s disposed within an inner perimeter of the track
member.

12. The engine of claim 8, wherein the one or more wheel
bearings define a first surface engaging a second surface of
the track member, wherein the first surface and the second
surface are complimentary.

13. The engine of claim 8, wherein the one or more wheel
bearings individually mount to an axle about a bearing.

14. The engine of claim 8, wherein the vanes include vane
tips to engage the stator.

15. The engine of claim 8, wherein track member com-
prises a sinusoidal curvature.

16. A process for powering a prime mover, the process
comprising engaging vanes and a rotating member to create
compression and expansion zones, the engaging comprising
guiding the vanes via one or more wheels along a track
member about the rotating member, wherein the vanes
translate 1n an axial direction along a longitudinal axis of the
prime mover during rotation of the rotating member about
the longitudinal axis.

17. The process of claim 14, wherein the vanes include
vane tips.

18. The process of claim 14, wherein the one or more
wheels comprise:

a first wheel engaging a first surface of the track member;

and

a second wheel engaging a second surface of the track
member, the second surface being complimentary to
the first surface.

19. The process of claim 14, wherein the vanes comprise

a first vane and a second vane, the first vane and the second
vane being coupled via a housing.

20. The process of claim 14, wherein the track member
comprises a sinusoidal trajectory.
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